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[57] ABSTRACT 
An optical ampli?er with a semiconductor body in 
cludes a layer structure grown on a substrate, with an 
active layer between two cladding layers, and a strip 
shaped ampli?cation region bounded by two end faces 
of low re?ection which form the input and output faces 
for the radiation to be ampli?ed. The active layer has a 
number of quantum well (QW) layers with direct band 
transition, and separated by barrier layers of a different 
semiconductor material, a ?rst portion of the QW layers 
being under tensile stress. Another portion of the layers 
forming part of the active layer is under compressive 
stress. Owing to the compressive stress present locally 
in the ampli?cation region, the TE-mode is more 
strongly ampli?ed ‘there than the TM-mode, while in 
the tensile portion of the ampli?cation region the TM 
mode is more strongly ampli?ed than the TE-mode. 
This results in a polarization-insensitive ampli?er with 
higher stress and thus with a large ampli?cation at a 
relatively low current. In one embodiment, both por 
tions of QW layers are within one stack of layers con 
taining the ampli?cation region. In another embodiment 
both portions are positioned in different stacks that are 
located next to each other each adjoining a different end 
zone of the ampli?cation region. In the latter, indepen' 
dent adjustment of the TE and TM ampli?cation pro 
?les is possible. 

9 Claims, 4 Drawing Sheets 
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SEMICONDUCTOR OPTICAL AMPLIFIER 

BACKGROUND OF THE INVENTION 

The invention relates to an optical ampli?er having at 
least a semiconductor body comprising a substrate of a 
?rst conductivity type and at least a semiconductor 
layer structure situated thereon consisting of at least a 
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?rst passive layer of the ?rst conductivity type, a sec- 10 
0nd passive layer of the second, opposite conductivity 
type, and between the ?rst and the second passive layer 
an active layer and a pn junction, ampli?cation of elec 
tromagnetic radiation within a wavelength range taking 
place at a suf?ciently high current strength in the for~ 
ward direction through the pn junction within a strip 
shaped ampli?cation region of the active layer, which 
has a greater effective refractive index and a smaller 
bandgap for the radiation to be ampli?ed than the ?rst 
and second passive layers, which comprises a plurality 
of quantum well layers (QW layers for short) of a semi~ 
conductor material having a direct band transition and 
mutually separated by barrier layers of a different semi 
conductor material, and in which a portion of the (QW 
and barrier) layers which form part of the active layer, 
to be called ?rst portion hereinafter, are under tensile 
stress, while the strip-shaped ampli?cation region is 
bounded in longitudinal direction by end faces which 
serve as input and output surfaces for the radiation to be 
ampli?ed and which are of low reflection, the second 
passive layer and the substrate being electrically con 
nected to connection conductors. 

Such optical ampli?ers are frequently used in optical 
communication technology. Large distances must often 
be bridged and/or strongly branched-out networks 
must be used in optical telecommunication systems such 
as optical glass ?ber systems. Often a weak or attenu 
ated optical signal must then be regenerated once or 
several times in its path by an optical ampli?er. Ampli? 
cation of radiation takes place in the active layer in such 
an ampli?er. This ampli?cation has its maximum at a 
wavelength which depends on, among other factors, 
the choice of the semiconductor material of the active 
layer, the thickness of the QW layers, and the Fabry 
Pérot (FP) resonances, which in their turn are deter 
mined by the positions of the end faces. Because the end 
faces have low re?ection, for example owing to the fact 
that they are coated with an anti-reflection layer, an 
optical ampli?er of the travelling-wave type is obtained 
with a comparatively wide-band ampli?cation pro?le 
which is determined by material ampli?cation only. The 
use of an MQW active layer further has major advan 
tages, such as a much higher saturation power, greater 
ampli?cation bandwidth, an improved noise number, 
and a higher saturation gain. 
Such an optical ampli?er is known from the Japanese 

Patent Application J P-A-Ol/ 251685 (date of publication 
Jun. 10, 1989) which was laid open to public inspection 
and published in Patent Abstracts of Japan, vol. 14, Jan. 
8, 1990, no. 2 (13-868), p. 72. The known optical ampli 
?er is manufactured in the GaAs/InAlGaAs material 
system, employing a Multi Quantum Well (MQW) ac 
tive layer in which the QW layers are under tensile 
stress. Due to the tensile stress, the ampli?cation pro?le 
of TM-polarized radiation, which has its peak value at a 
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different wavelength than the ampli?cation pro?le of 65 
TE-polarized radiation, is raised at the detriment of the 
level of the ampli?cation pro?le of TE-polarized radia 
tion. For a (lattice matched) MQW active layer, the 

2 
ampli?cation pro?le of TE-polarized radiation is higher 
than that of TM-polarized radiation. Thus, introduction 
of tensile stress reduces the sensitivity to the polariza 
tion of the incoming radiation. At a certain point, i.e. at 
a tensile stress of about 0,6% (in this speci?cation, a 
comma is used to denote a decimal point), both ampli? 
cation pro?les will be almost equally high. For the 
wavelength at the point of intersection of the two pro 
?les, the ampli?er will be insensitive to the polarization 
of the incoming radiation, while the ampli?cation is 
near its peak value, i.e. near the peak value of both 
pro?les. The rise of the ampli?cation pro?le for TM 
polarized radiation is connected with the influence of 
mechanical stress on the positions of the energy levels 
of the light holes (LH) and heavy holes (HH) in the 
valency band of the semiconductor material of the lay 
ers forming part of the active layer: tensile stress results 
in that the level of the light holes comes closer to that of 
the heavy holes, so that the TM-mode is less at a disad 
vantage. 
A disadvantage of the known optical ampli?er is that 

the ampli?cation at the point of intersection is obtained 
at a relatively high current. The corresponding rela 
tively high dissipation limits the lifetime and thus the 
performance of the known ampli?er at the wavelength 
where it is insensitive to polarization. 

SUMMARY OF THE INVENTION 

The present invention has for its object inter alia to 
provide an optical ampli?er which is insensitive to the 
polarization of the incoming radiation, which has a high 
ampli?cation at a low current, and which is easy to 
manufacture. 
The invention is based inter alia on the recognition 

that the current required to obtain ampli?cation can be 
in?uenced by means of mechanical stress present in the 
active layer. 

Therefore, an optical ampli?er of the kind mentioned 
above is characterized in that another portion, to be 
called second portion hereinafter, of the (QW and bar 
rier) layers which form part of the active layer are 
under compressive stress. It has been found that the 
current required to obtain the ampli?cation at the point 
of intersection can be decreased by increasing the ten 
sile stress present. However, an increase of the tensile 
stress further than the above-mentioned value will raise 
the ampli?cation pro?le of TM-polarized radiation to 
the detriment of the level of the ampli?cation pro?le of 
TE-polarized radiation. Thus, such an increase will 
detract from the polarization insensitivity. The com 
pressive stress, according to the invention present in the 
second portion, achieves that in the relevant portion of 
the ampli?cation region the ampli?cation pro?le for 
TE-polarized radiation is founded to the detriment of 
the ampli?cation profile of the TM-polarized radiation, 
while ampli?cation is also obtained at a lower current 
compared with the situation without stress. Thus, the 
ampli?cation pro?le of the TM-polarized radiation can 
be further raised by further increasing the tensile stress 
in the ?rst portion before both ampli?cation pro?les are 
at about the same level. Thus in an ampli?er according 
to the invention, the ampli?cation at the point of inter 
section, where the ampli?er is insensitive to the polar 
ization of the incoming radiation, is also increased and 
the same ampli?cation can be obtained with a lower 
current. In this way the lifetime and thus the perfor 
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mance of the ampli?er according to the invention is 
improved. 

In a ?rst embodiment, both the tensile and the com 
pressive stress are so high that the peak value of the 
ampli?cation pro?le of TM-polarized radiation is about 
equal to the peak value of the ampli?cation pro?le of 
TIE-polarized radiation. In this embodiment, the ampli 
?cation of the crossing point of both ampli?cation pro 
?les is close to both the peak values of the ampli?cation 
pro?les of TE- and TM-polarized radiation. Thus, in the 
point of intersection polarization insensitivity .is com 
bined with a high ampli?cation at a low current. The 
desired tensile and compressive stresses in the ?rst and 
second portions may be obtained by introducing the 
desired stress into a barrier layer, but preferably the QW 
layers of the ?rst and second portion are provided with 
tensile and compressive stresses. This can be realized by 
introducing a stress of the opposite sign into a layer that 
is close to the relevant section. Preferably, the tensile 
stress in the ?rst portion is realized in that a semicon 
ductor material is chosen for the QW layers which has 
a smaller lattice constant than that of the substrate. This 
can be simply done by taking a suitable composition, 
especially in the case of ternary or quaternary semicon 
ductor materials. The same holds for the compressive 
stress in the second portion which is obtained by choos 
ing a material for the semiconductor material of the QW 
layers which has a larger lattice constant than that of 
the substrate. The extent of the stress resulting from a 
certain deviation of the lattice constant (of the QW 
layers relative to the substrate) further depends on the 
number of QW layers and their thickness, as well as on 
the thickness and the lattice constant of the barrier 
layers. In a preferred embodiment, the portions of QW 
layers with tensile and compressive stress are realized 
within one stack of QW layers, in which there are pro 
vided alternatively a QW layer with a tensile stress and 
a QW layer with a compressive stress and a lattice 
matched barrier layer between each two QW layers. 
This embodiment is very easy to make, which is a larger 
advantage. Another favorable embodiment is obtained 
if both portions lie within a separate stack of QW and 
barrier layers, which stacks are located within portions 
of the ampli?cation region which adjoin different faces. 
This has the further advantage that the ampli?cation 
within both portions can be adjusted independently as 
both portions can be provided with a separate current 
source. Preferably, the ampli?er according to the inven 
tion is realized in the InP/InGaAs/InGaAsP material 
system that corresponds with the wavelength region of 
1,3 to 1,5 pm. An optical ampli?er according to the 
invention and realized in the InP/InGaAsP material 
system comprises, for example, an InP substrate with, 
between two passive InP layers and between two sepa 
rate cladding layers of InGaAsP, a ?rst portion of six 
QW layers of InGaAs under tensile stress and with a 
thickness of about 10 nm, which are separated from a 
neighboring QW layer by means of an InGaAsP barrier 
layer with an indium content of 82 at % and an arsenic 
content of 40 at %, and with a thickness of preferably at 
least 5 nm, for example, approximately 10 nm. The 
ampli?er contains likewise a second portion of six QW 
layers under compressive stress and with a thickness of 
about 3 nm. The ?rst and second portions may be posi 
tioned interleaved or separate, within a single stack of 
QW and barrier layers or may be positioned in different 
stacks that are located next to each other. A suitable 
tensile stress in the ?rst portion with InGaAs QW layers 
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4 
is achieved approximately at a relative deviation in 
lattice constant compared with the substrate of InP of 
approximately 1 to l,5%. This deviation is realized by 
choosing an indium content of approximately 35 at % 
instead of approximately 53 at %, at which latter ?gure 
the lattice constant of InGaAs is equal to that of InP. A 
suitable compressive stress in the second portion also 
containing lnGaAs QW layers but with a thickness of 3 
nm is achieved approximately at a relative deviation in 
lattice constant compared with the substrate of InP of 
approximately —-1 to -— l,5%, which is realized by 
choosing an indium content of approximately 70 at %. 
The difference in thickness of the QW layers has for its 
object inter alia to compensate for the change in band 
gap of in this case InGaAs as a result of the change in 
composition: more indium decreases the bandgap, a 
smaller thickness of the QW layer increases the bandgap 
again. It is achieved in this way that the wavelength at 
which the ampli?cation is at a maximum for both por 
tions of the ampli?cation region is as much as possible 
the same. For the present example, this wavelength is 
approximately 1,5 um. Both variants of ampli?ers ac 
cording to the invention, are not or substantially not 
sensitive to polarization and have a high ampli?cation at 
a low current strength. When the portions with tensile 
and compressive stress are placed next to one another, 
they are preferably positioned in two portions of the 
ampli?cation region which each adjoin an end face. The 
portions may be laterally interconnected either directly 
or at least substantially directly, or via a radiation-guid 
ing intermediate layer, so that the radiation incident on 
the ampli?er is ef?ciently guided from the mainly TE 
amplifying portion of the ampli?cation region to the 
mainly TM-amplifying portion of the ampli?cation re 
gion. Both portions of the ampli?cation region in that 
case have separate current supplies which comprise 
connection conductors provided on portions of the 
second passive layer which are situated above the por 
tions under tensile and compressive stress. The connec 
tion conductor on the substrate is common to both 
portions. If a contact layer is used between the connec 
tion conductors and the second passive layer, this 
contact layer comprises a groove which promotes the 
current separation at the area of the transition between 
the two portions. In a modi?cation, the groove extends 
from the surface to beyond the active layer. Means may 
then be provided in the groove for an ef?cient optical 
coupling between the portions of the active layer hav 
ing tensile stress and compressive stress, respectively. In 
a further modi?cation, the groove extends to beyond 
the substrate, and the ampli?er essentially comprises 
two separate sub-ampli?ers for the TE and the TM 
modes, each comprising a separate portion of the semi 
conductor body. ' 

It should be noted that the number of QW layers and 
' the mismatch of these layers at the upper side are lim 
ited by the occurrence of relaxation of the resulting 
stress, (undesirable) defects and dislocations then occur 
ring. According to a rule of thumb which is of practical 
use, the product of the thickness and the deviation of 
the lattice constant of a layer relative to the substrate 
must be smaller than approximately 20 nm‘ %. The 
minimum required deviation of the lattice constant rela 
tive to the substrate is approximately 0,6%. Accord 
ingly, the thickness of such a (quantum well) layer is 
preferably smaller than approximately 30 nm or 300 A. 
The total thickness of MQW layers which is still of 
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practical use in the case of an MQW active layer, is 
limited in a similar manner. 

BRIEF DESCRIPTION OF THE DRAWING 

The invention will now be explained in more detail 
with reference to two embodiments and the accompa 
nying drawing, in which: 

FIG. 1 diagrammatically shows a ?rst embodiment of 
an optical ampli?er according to the invention, partly in 
perspective and partly in cross-section, 
FIG. 2 diagrammatically shows a cross-section taken 

on the line II—II of FIG. 1, 
FIG. 3 shows a more detailed cross-section of the 

active layer of the device, 
FIG. 4 diagrammatically shows the ampli?cation (g) 

as a function of the wavelength (ii) of the radiation to be 
ampli?ed (I) for the optical ampli?er of FIG. 1 and 
FIG. 5, 
FIG. 5 diagrammatically shows a second embodi 

ment of an optical ampli?er according to the invention, 
partly in perspective and partly in cross-section, 
FIG. 6 diagrammatically shows a cross-section taken 

on the line VI-Vl of FIG. 5, 
FIG. 7 shows a more detailed cross-section of the 

active layer of the device of FIG. 5, and 
FIGS. 8-10 show the optical ampli?er of FIG. 5 in 

successive stages of manufacture. 
The Figures are diagrammatic and not drawn to 

scale, in particular the dimensions in the thickness direc 
tion being strongly exaggerated for greater clarity. Cor 
responding parts are usually given the same reference 
numerals in the various Figures. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

FIG. 1 diagrammatically shows partly in perspective 
and partly in cross-section an optical ampli?er accord 
.ing to the invention and in a ?rst embodiment, while 
FIG. 2 diagrammatically shows a cross-section taken on 
the line II——II of FIG. 1 of the optical ampli?er of FIG. 
1. The device has a semiconductor body comprising a 
substrate 1 of_a ?rst, here the n-conductivity type and 
made of InP (doping, for example, 5 X 1018 at/cm3) and 
a layer structure situated thereon. This layer structure 
comprises an n-type buffer layer 1A which forms a ?rst 
passive layer, a ?rst separate cladding layer 2 of the said 
?rst, in this case n-conductivity type and made of Inx. 
Ga1_XAsyP1_y(x =O,82 and y =0,40), a second separate 
cladding layer 5 having the same properties as the ?rst 
separate cladding layer 2, a second passive layer 3, 6 of 
the second, opposite conductivity type, so here the 
p-type, and made of InP, a contact layer 13 of the sec 
ond, so here the p-conductivity type and made of Inx. 
Ga1_,,AsyP1_y (x=0,73 and y=0,60), and between the 
passive layers 1A and 3, 6 an active layer 4, which in 
this example is situated between the separate cladding 
layers 2 and 5. The active layer 4 (see also the detailed 
cross-section of FIG. 3) comprises a plurality, in this 
example twelve quantum well layers, a ?rst portion of 
which (QW) layers are under tensile stress and com 
prises six QW layers 4A of a semiconductor material 
with a direct band transition, in this example of In,,. 
Ga1_xAs (x=0,35) and having a thickness of about 10 
nm, which are mutually separated by barrier layers 4C 
of a different semiconductor material, in this example 
InXGal_xASyP]_..y (x=0,82 and y=0,40) and with a 
thickness of approximately 10 nm. The thickness of the 
passive layers 1A and 3, 6 is approximately 1 pm and 
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6 
their doping concentration is approximately from 
5X 1017 to 1X 1013 at/cm3. The separate cladding layers 
2 and 5 are approximately 80 nm thick and are not pur 
posely doped, which implies that they are faintly n 
type. The latter is also true for the QW layers 4A and 
the barrier layers 4C. The layers 2, 5 and 4C which are _ 
not purposely doped, however, are also allowed to have 
an n-type doping. The contact layer 13 is approximately 
0,5 pm thick and has a doping concentration of approxi 
mately 1019 at/cm3. Furthermore, the said layer struc 
ture comprises a pn-junction 26 between the passive 
layers 2 and 3, 6, which in this example adjoins the 
p-type layer 3. Provided there is a suf?ciently strong 
current (i) in the forward direction through the pn-junc 
tion 26, ampli?cation of electromagnetic radiation (I) 
takes place within a strip-shaped ampli?cation region of 
the active layer 4 for certain wavelengths. The active 
layer 4 here has a greater effective refractive index for 
the radiation I to be ampli?ed and a smaller bandgap 
than do the ?rst 1A and second 3, 6 passive layers. The 
strip-shaped ampli?cation region, whose width is dia 
grammatically indicated in FIG. 1 with a, is bounded by 
end faces 7 and 8 of low reflection which are practically 
perpendicular to the active layer 4 and which serve as 
input and output faces for the radiation I to be ampli 
?ed, which end faces have a low re?ection in this exam 
ple thanks to the presence of anti-re?ection layers 9 
which have a reflection coef?cient for the relevant 
wavelength area of at most approximately 1%, and 
preferably smaller than 0,l%. The second passive layer 
3 and the substrate 1 are electrically connected to con 
nection conductors in the shape of metal layers 16 and 
17 through which a current i can be supplied to the 
pn-junction 6 in the forward direction. 
According to the invention, another, second, portion 

of the (QW and barrier) layers forming part of the ac 
tive layer, in this example all QW layers 4B, are under 
compressive stress. Due to the presence of the layers 4A 
and 4B, the polarization sensitivity of the ampli?er ac 
cording to the invention is reduced, while the current 
required to obtain a suitable ampli?cation is reduced. In 
this example, this is realized in that a semiconductor 
material is taken for the QW layers 4B, in this example 
InxGa1_xAs (x=0,70), whose lattice constant is larger 
than the lattice constant of the substrate, in this example 
InP. Both the tensile and the compressive stress in the 
?rst and second portion respectively, are in this exam 
ple so high that the peak value of the ampli?cation 
pro?le of the TM-polarized radiation is about equal to 
the peak value of the ampli?cation pro?le of the TE 
polarized radiation. In this way, the ampli?cation at the 
point where both ampli?cation pro?les cross each 
other, is near both peak values. At this point the optical 
ampli?er of this example is nearly polarization insensi 
tive and the ampli?cation is obtained at a relatively low 
current due to the relatively large tensile and compres 
sive stresses. 
An active layer composed in this manner gives rise to 

an ampli?cation (g) as a function of the wavelength (a) 
of the radiation (I) to be ampli?ed as shown in FIG. 4. 
The ampli?cation pro?le 41 shows the ampli?cation for 

‘ the TM-polarized portion of the radiation to be ampli 
?ed. The ampli?cation pro?le 42 does the same for the 
TE-polarized portion. Thanks to the presence of the 
tensile and compressive stresses of suitable value, both 
the TM and the TE-ampli?cation pro?les 41 and 42 are 
at substantially the same level in this embodiment of the 
ampli?er. The ampli?cation g is equal and relatively 
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great for both modes for the wavelength belonging to 
point 42, i.e. substantially equal to the maximum ampli 
?cation which is indicated with 45 for the TE-mode and 
with 46 for the TM-mode. Near the wavelength (@0, 
see point 47) belonging to point 43, this embodiment of 
the ampli?er will be substantially independent of the 
polarization at a current strength (i) through the ampli 
?er corresponding to an ampli?cation 48 which current 
strength is, thanks to the relatively high tensile and 
compressive stress in the ?rst and second portions, rela 
tively low. 

This embodiment of the optical ampli?er has the 
DCPBH (=Double Channel Planar Buried Hetero) 
structure, which is widely used for optical communica 
tion. The invention, however, is by no means restricted 
to this structure. 
The DCPBH structure of the optical ampli?er of this 

example in addition comprises a current-limiting layer 
structure. This structure comprises two grooves 14 and 
15 which bound the strip-shaped ampli?cation region 
and in which a layer 11 of p-type InP with a thickness 
(outside the grooves) of approximately 0,3 um and a 
doping concentration of approximately 2X 1018 at/cm3, 
and a blocking layer 12 of n-type In? with a doping 
concentration of approximately 1018 at/cm3 and a thick 
ness of approximately 0,5 um have been provided. The 
layers 11 and 12 do not extend on the strip-shaped por 
tion of the layer 5 situated between the grooves 14 and 
15, so that the p-type second passive layer 3, 6 directly 
adjoins the second separate cladding layer 5 in that 
portion. Furthermore, a silicon dioxide layer 10 is pro 
vided over the contact layer 13, in which silicon dioxide 
layer a slot-shaped opening is formed, within which an 
electrode layer 16 provided on the upper surface makes 
contact with the layer 13. 
The manufacture of such a DCPBI-I structure is de 

scribed in detail inter alia in the European Patent Appli 
cation by Applicant published under no. EP 259919, so 
that it need not be described in any more detail here. 
FIG. 5 diagrammatically shows a second embodi 

ment of an optical ampli?er according to the invention 
partly in perspective and partly in cross-section, and 
FIG. 6 diagrammatically shows the optical ampli?er of 
FIG. 5 in cross-section taken on the line VI-VI of 
FIG. 5. FIG. 7 shows in more detail the active layer 4 
of the FIGS. 5 and 6. The device has a semiconductor 
body which corresponds largely to that of the optical 
ampli?er according to an earlier embodiment. Corre 
sponding parts have the same reference numerals and 
the description of the FIGS. 1 to 3 is referred to for a 
discussion thereof. The device here comprises two sub 
stantially equally large sections A and B (see FIGS. 5 to 
7) corresponding with a ?rst and second portion of the 
(QW and barrier) layers that form part of the active 
layer 4 and which adjoin one another at the interface 21. 
Above this interface 21 there is a groove 20 of approxi 
mately 20 pm thickness which extends from the surface 
through the metal layer 16, through the silicon dioxide 
layer 10 and through the contact layer 13 down to the 
second passive layer 3. The metal layer 16 split into two 
portions by the groove 20 comprises separate connec 
tion conductors for the sections A and B. Forward bias 
currents i,4 and in may be passed through the portions of 
the pn-junction 26 situated within the sections through 
these separate connection conductors and the connec 
tion conductor 17 which is common to both sections A 
and B. The active layer 4 (see FIG. 7) comprises a ?rst 
portion of 6 QW layers 4A in section A which QW 
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8 
layers 4A are mutually separated by ?ve barrier layers 
4C of InxGa1_XAsyP| _y(x=0,82 and y=O,40) of 10 nm 
thickness. The QW layers 4A of the ?rst portion contain 
InxGa1_xAs (x=0,35) and have a thickness of approxi 
mately 10 nm, and are under tensile stress. 
According to the invention, another, second, portion , 

of the (QW and barrier) layers forming part of the ac 
tive layer 4, in this example all QW layers 4B in section 
B, is under compressive stress. The layers 4B contain 
here InxGal-xAs (x=0,70) and have a thickness of 
approximately 3 nm. They are also mutually separated 
by barrier layers 4C with the same composition and 
thickness as the barrier layers 4C in section A. Due to 
the presence of the second portion of QW layers 4B, 
that are under compressive stress, the polarization sensi 
tivity of the ampli?er according to the invention is 
reduced, while the current required to obtain ampli?ca 
tion is reduced. The tensile and compressive stresses in 
the QW layers 4A and 4B are so high that the peak 
value of the ampli?cation pro?le of the TM-polarized 
radiation is about equal to the peak value of the ampli? 
cation pro?le of the TE-polarized radiation. At the 
intersect of both pro?les the ampli?er is nearly polariza 
tion insensitive and the ampli?cation is relatively high. 
The high ampli?cation is obtained at relatively low 
currents through both portions A and B, thank to the 
presence of relatively high tensile and compressive 
stresses which are present in the portions A and B re 
spectively. In this example the ?rst and second portions 
of the (QW and barrier) layers of the active layer 4, 
corresponding with the sections A and B, lie within 
portions of the ampli?cation region which adjoin differ 
ent end faces. This enables a separate adjustment of the 
ampli?cation pro?les in both portions by means of ad 
justment of the current through each portion. The dif 
ference in thickness between the QW layers in the two 
sections ensures that the maximum ampli?cation takes 
place at about the same wavelength, in this example at 
approximately 1,5 pm. 
An active layer 4 composed in such a way results in 

an ampli?cation (g) as a function of the wavelength 
( I‘: ) of the radiation to be ampli?ed (1), similar to the 
one shown in FIG. 4. We refer here to the description of 
FIG. 4. The only difference with a previous embodi 
ment is that the level of the ampli?cation pro?les 41 and 
42 now can be adjusted independently by adjusting the 
current through each of the sections A and B. 
The manufacture of the optical ampli?er, in as far as 

it deviates from that in an earlier example, will now be 
explained with reference to FIGS. 8-10, which show 
the optical ampli?er of FIG. 5 in successive stages of 
manufacture. In a ?rst growing process, for example by 
means of _MOVPE (=Metal Organic Vapor Phase Epi 
taxy), the following are successively provided on an 
n-type substrate 1 of InP: a ?rst passive layer 1A of 
n-type InP, a ?rst separate cladding layer 2, an active 
layer 4, a second separate cladding layer 5, and a p-type 
layer 90 of InP and having a thickness of approximately 
0,1 pm. The compositions and thicknesses of the active 
layer, separate cladding layers, and passive layers are as 
indicated above for section A. Then an approximately 
0,1 pm thick layer 91 of silicon dioxide is provided on 
the semiconductor layer structure (see FIG. 8) by 
means of, for example, sputtering. A pattern of strip 
shaped regions 92 is then formed in this layer 91 by 
photolithography. The width W of one strip-shaped 
region 92 is approximately 20 um, its length L is ap 
proximately 500 pm. The pitch S of the pattern is 300 
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pm and the pitch T is 1000 um (see FIG. 9). After this, 
mesas 93 are formed by etching (see FIG. 8), the inter 
vface between the ?rst separate cladding layer 2 and the 
?rst passive layer 1A acting as an etching stopper in 
connection with the use of an etchant which contains 
H2804, H302 and H20, during etching of the ?rst sepa 
rate cladding layer 2. After this, a similar semiconduc 
tor layer structure as in the ?rst growing process is 
provided in a second growing process, for example 
again by means of MOVPE, between and adjoining to 
the side walls of the mesas 93. The composition and 
thickness of the QW layers is now chosen as indicated 
above for the section B (see FIG. 10). After removal of 
the masks 92, a further p-type InP layer is grown on the 
p-type InP semiconductor layer 90 with the same dop 
ing concentration as the semiconductor layer 90 and a 
thickness of approximately 0,9 um. Together with the 
semiconductor layer 90, this layer forms the semicon 
ductor layer indicated with the reference numeral 6 in 
FIGS. 5 and 6, forming part of the second passive layer 
3, 6. Subsequently, the semiconductor body of this em 
bodiment of the ampli?er is ?nished as in a previous 
embodiment. Reference is also made here to the Patent 
Application EP 2599l9 mentioned there. After the 
semiconductor body has been ?nished and the silicon 
dioxide layer 10 and the metal layers 16 and 17 have also 
been provided, an approximately 20 um wide groove 20 
is formed above the junction 21 between the sections A 
and B in the active layer 4 by means of photolithogra 
phy and etching. This groove extends from the upper 
surface through the metal layer 16, the silicon dioxide 
layer 10 and the contact layer 13 down to the second 
passive layer 3. After cleaving in the spots indicated 
with 22 in FIG. 10 and after contacting of the connec 
tion conductors 16 and 17, this embodiment of the opti 
cal ampli?er is ready for use (see FIG. 5). 
The invention is not limited to the embodiments 

given, since many modi?cations and variations are pos 
sible for those skilled in the art within the scope of the 
invention. Thus other semiconductor materials or other 
compositions of the chosen semiconductor materials 
than those mentioned in the examples may be used. 

Also, the conductivity types may all be (simulta 
neously) replaced by their opposites. Apart from the 
manufacturing methods given here, variants to these 
methods are also available to those skilled in the art, 
while also other techniques, for example for providing 
the semiconductor layers, may advantageously be used. 

Furthermore, the invention is not limited to the am 
pli?er structure of the DCPBH type described for the 
embodiments here. Other types, such as the BH (=Bur 
ied Hetero) type or the RW (=Ridge Waveguide) type 
may be used as well. In fact, many variations in the 
structure described here are available to those skilled in 
the art, all of which have the characteristic that the 
desired optical waveguiding and the supply of charge 
carriers to the region where the ampli?cation takes 
place are effected. 

Finally, it should be noted that the invention may also 
be used for optical ampli?ers ‘in which no electrical 
connection conductors are used for supplying the cur 
rent, but in which one or several radiation beams are 
used. In that case a so-called optically pumped optical 
ampli?er is obtained. 
We claim: 
1. An optical ampli?er having at least a semiconduc 

tor body comprising a substrate of a ?rst conductivity 
type and at least a semiconductor layer structure situ 
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10 
ated thereon and comprising at least a ?rst passive layer 
of the ?rst conductivity type, a second passive layer of 
the second, opposite conductivity type, and between 
the ?rst and the second passive layer an active layer and 
a pn junction, ampli?cation of electromagnet radiation 
within a wavelength range taking place at at least a 
selected current strength in the forward direction 
through the pn junction within a strip-shaped ampli?ca 
tion region of the active layer, which has a greater 
effective refractive index and a smaller bandgap for the 
radiation to be ampli?ed than the ?rst and second pas 
sive layers, which comprises a plurality of quantum well 
layers of a semiconductor material having a direct band 
transition and being mutually separated by barrier lay 
ers of a different semiconductor material, and in which 
a ?rst portion of the quantum well and barrier layers 
which form part of the active layer are under tensile 
stress, the strip-shaped ampli?cation region being 
bounded in the longitudinal direction by end faces 
which serve as input and output surfaces for the radia 
tion to be ampli?ed and which are of low reflection, the 
second passive layer and the substrate being electrically 
connected to connection conductors, characterized in 
that a second portion of the quantum well and barrier 
layers which form part of the active layer are under 
compressive stress. 

2. An optical ampli?er as claimed in claim 1, charac~ 
terized in that both the tensile and the compressive 
stress are so high that the peak value of the ampli?ca 
tion pro?le of TM-polarized radiation is approximately 
equal to the peak value of the ampli?cation pro?le of 
TE-polarized radiation. 

3. An optical ampli?er as claimed in claim 1, charac 
terized in that the ?rst portion contains quantum well 
layers which are under tensile stress and the second 
portion contains quantum well layers which are under a 
compressive stress. 

4. An optical ampli?er as claimed in claim 1, charac 
40 terized in that the quantum well layers within the ?rst 

portion of the ampli?cation region comprise a semicon 
ductor material which has a lattice constant which is 
smaller than that of the substrate, and that the quantum 
well layers within second portion comprise a semicon 

45-ductor material which has a lattice constant which is 
larger than that of the substrate. 

5. An optical ampli?er as claimed in claim 1, charac 
terized in that both portions of the quantum well and 
barrier layers forming part of the active layer comprise 

50 within the active region of the ampli?cation region a 

55 

single stack of layers which are alternately under tensile 
stress and under compressive stress. 

6. An optical ampil?er as claimed in claim 1, charac 
terized in that both portions of the quantum well and 
barrier layers forming part of the active layer lie within 
portions of the ampli?cation region which adjoin differ 
ent end faces. 

7. An optical as claimed in claim 5, characterized in 
that the substrate and the passive layers comprise InP, 

60 the barrier layers and the separate cladding layers com“ 

65 

prise InGaAs compatible therewith, and the quantum 
well layers comprise InGaAs which contains within the 
?rst portion of the ampli?cation region approximately 
35 at % indium and within the second portion of the 
ampli?cation region approximately 70 at % indium, 
while the thickness of the quantum well layers within 
the ?rst portion is approximately l0 nm and within the 
second portion approximately 3 nm. 
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8. An optical ampli?er as claimed in claim 1, charac 
terized in that the thickness ofthe layers forming part of 
the active layer and the extent of the stress present 
therein are so chosen that at least substantially no relax 
ation of this stress occurs. 

9. An optical ampli?er as claimed in claim 6, charac 
terized in that the substrate and the passive layers com 
prise InP, the barrier layers and the separate cladding 
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12 
layers comprise InGaAs compatible therewith, and the 
quantum well layers comprise InGa which contains 
within the ?rst portion of the ampli?cation regions 
approximately 35 at % indium, while the thickness of 
the quantum well layers within the ?rst portion is ap 
proximately 10 nm and within the second portion ap 
proximately 3 nm. 

* it it it it 


